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I .O Introduction 

This report describes a hazard and accident analysis conducted for Site 300 operations to support update of 
the Site 300 B-Division Firing Areas Safety Analysis Report (SAR) [LLNL 19971. A significant change 
since the previous SAR is the construction and the new Contained Firing Facility (CFF). Therefore, this 
hazard and accident analysis focused on the hazards associated with bunker operations to ensure that the 
hazards at CFF are properly characterized in the updated SAR. Hazard tables were created to cover both the 
CFF and the existing bunkers with "open air" firing tables. 

The analysis was based upon information gathered from the following key sources. 

The existing SAR [LLNL 19971, 

The Facility Safety Procedure (FSP) [LLNL 2000a1, 

Operational Safety Procedures (OSPs) [LLNL 200b, LLNL 2000c, LLNL 2000d, LLNL 2000e, 
LLNL 20011, 

Walk-through of the CFF, 

The Safety Question Review for CFF qualification testing [Ingram 20001, 

A description of the Contained Firing Facility [Visoria 20011, 

Ongoing discussions with subject matter experts including: 

0 

0 

Witnessing of a shot at Building 851 which included informal briefings by bunker staff, 

A meeting with bunker staff after the witnessed shot to discuss residual questions. 

Jim Lyle, B DivisiodCFF Laboratory AssociatePSAR Author, 

Jack Lowry, West Area Supervisor, 

Kent Haslam, B Division Site 300 Facilities Manager, 

Carl Ingram, Assistant B Div. Leader for ES&H, 

1.1 Acronyms Used in this Report 

CFF 

LLNL Lawrence Livemiore National Laboratory 

H&S ManualThe LLNL Health and Safety Manual UCRL-M-133867 [LLNL current] 

S A R  Safety Analysis Report 

Contained Firing Facility, Building 801 
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2.0 Hazard Identification 

Hazard identification was based upon Table 2 of the LLNL H&S Manual, Supplement 6.06. Each of the 
hazard sources in this table was considered to identify hazards that are beyond those associated with 
activities commonly performed by the public. Table 1 Lists the specific hazards identified. 

The different areas and operations that represented substantially different hazard conditions were identified 
based upon a consideration of facility layouts and operations. Table 2 lists the locations identified, Table 3 
lists the operations identified. 

For each location the list of specific hazards was reviewed to identify the operations during which a 
specific hazard would be present. The result was table 4. 
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Table 1 Non-routine hazards of bunker operations 

Specific Hazards Hazard Sources Hazard Sources 

Flammable 
Materials 

Mobilelift or Forklift: 
Batteries, Hydraulic fluid 

Rotating 
equipment 

Cameras 
-~ 

Electrical equipment 

Solvents 

Shears, sharp 
edges 

NIA 

Pinch Points NIA I 
Vehicles Mobilelift or Forklift 

Mechanical Impact 
Fire in or around service 
building 

~ ~~ 

Toxic explosion by products Mass in motion Shrapnel from shot 
Shramel from tire blowout 

Toxic Materials 
Beryllium 
Highly Toxic Materials Blast effects and shrapnel 

from shot 
HE accumulation in systems Test launcher or gun Reactive 

Materials 
Explosion creates oxygen 
diffident atmosphere 

Liquid abrasive cutters Oxygen 
Deficiency 

Inert or toxic gas systems Shrapnel from camera failure 
Eauipment Falling on HE N/A Carcinogens Falling 

Falling Objects Intense Light Flash Devices Diagnostic or setup 
equipment falling on HE 
Dropped HE 
NIA 

Lasers Diarmostic lasers Lifting 
Tripping, 
Slipping 
Earthquakes 

Experimental lasers 

Ultraviolet Seismic Event NIA 

X-ray machines & linear 
accelerators 

~ 

Steam NIA X-rays 

Infrared Fire Equipment NIA 

NIA Solar NIA Electron Beams 
Magnetic Fields NIA Chemical 

Reactions 
Chemical reaction with 
assembly materials 

~~ ~ 

Portable Radios Spontaneous 
combustion 

NIA RF Fields 

NIA Nuclear 
Criticality 

NIA Cryogenics 

NIA High Energy 
Particles 

NIA Ice, snow, wind, 
rain 
Heaters Capacitors FXR Preconditioning heaters 

-~ 
Flash Device Power Supplies Confined gases NIA 

Transformers NIA Unreacted HE after test Explosives 
Noise 

~ 

NIA Exposed 
Conductors 

NIA 

ESD Pathogens NIA Tools 
Lightning 

~ 

Allergens NIA Lightning 
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Table 2 Bunker areas containing significantly different hazards 

HE Transport 

Firing Table, CFF Firing Chamber 

CFF Grey Area 

CFF Diagnostic Equipment Room 

CFF Diagnostics room penetration area 

Bunker / CFF Control Room 

Camera Room 

CFF vent duct areas 

HE present in area but not secured to test stand. Vehicles may be present on firing 
table or in firing chamber 

Shot setup 

Shot 

HE present but not being moved, prior to muster 

Period during which personnel are mustered under cover 

Post shot 

Camera operations 

I 
~~ 

bon t inuous  I AU operations 

Period fkom the point when personnel leave cover until firing table is declared 
secure 

Period when high speed streak cameras are running 
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Specific Hazards Firing Table, CFF CFF Grey Diagnostic Diagnostics room Bunker / CFF 
Firing Chamber Area Equipment Room penetration area control room 

Mobilelift or Forklift: Batteries, Hydraulic fluid HE transport HE transport 
Electrical equipment Shot setup 
Solvents Shot setup 
Fire in or around firing table or CFF service 
building Shot setup 
Toxic explosion by products Post shot Post shot Post shot Post shot-- 
Beryllium 
Highly toxic material contained in experiments 
HE accumulation in systems 

Explosion creates oxygen diffident atmosphere Post shot Post shot Post shot Post shot 
Inert or toxic gas systems 

HE transport HE transport 

Shot setup 
Shot setup 
Post shot 

Continuous 

Camera Room CFF vent 
duct areas 

Post shot Post test 
Camera operation 

Post shot Post test 

1 Unreacted HE after test I Post shot I I I I I I I 

Seismic Event 
Equipment 
Chemical reaction with assembly materials 
Preconditioning heaters 

1 HE with attached detonators 1 Shotsetup 

HE transport HE transport 
HE transport HE transport 
Shot setup 
Shot setuD 
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3.0 Hazard Analysis 

Probability of occurrence is so 
small that a reasonable scenario 
is not conceivable 

~~~ ~ 

For each combination of location and operation, each relevant specific hazard was considered. One or 
more deviations were identified which would cause each specific hazard to be realized as a hazardous event 
and the possible causes for these deviations were described. The deviations, together with the cause 
describe an event scenario. The worst-case consequences were identified for each event scenario together 
with the possible methods of detecting, preventing, and mitigating the event. The results of this analysis 
are given in Appendix A. 

< 

A simplified summary of this analysis was incorporated into the S A R  update by grouping the analysis 
according to common hazard scenarios and providing more general descriptions ofthe causes, methods of 
detection, preventative features, consequences, and mitigative features. The last column of the Appendix A 
tables identifies the associated summary hazard scenario given in the Table 4-2 of the updated SAR. 

Probability of occurrence is 
extremely unlikely or event is 
not expected to occur during the 
life of the facility or operation 

4.0 Risk Assessment 

lo4 to lo4 

Simple event trees were constructed for each hazard scenario in the updated S A R  to help in the qualitative 
assessment of event occurrence probabilities. Appendix B contains these event trees. Each event in an 
event tree was classified into one of the probability categories shown in Table 5 .  

Probability of occurrence is 
unlikely, or event is not expected 
to occur; but may occur during 
the life of the facility or 
operation. 

Table 5 Probability rating levels 

lo4 to 

Category 

Event is likely to occur several 
times during the facility or 
operation lifetime. 

Incredible 

> lo-] 

Extremely low 

Low 

Medium 

High 

Description Estimated occurrence rate per I Year 

~~ ~ ~~ 

Event may occur during the 
facility or operation lifetime 

The probability of each event tree branch was estimated by examining pairs of events and estimating the 
probability of event pairs as shown in Table 6 Where more than two events make up an event tree branch 
the branch probability was estimated by examining pairs of events, treating a pair as a single event and re- 
entering Table 6 
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Table 6 Probability estimates for combined events 
[Incredible [Extremely Low (Low [Medium [High 

Incredible 
Extremely low 
Low 
Medium 
High 

Incredible Incredible Incredible Incredible Incredible 
Incredible Incredible Incredible Extremely Low Extremely Low 

Incredible Extremely Low Low Low Medium 
Incredible Extremely Low Low Medium High 

Incredible Incredible Extremely Low Low Low 

The probability of a hazard scenario was taken as the probability of the most likely branch in the associated 
event tree. No attempt was made to sum probabilities over all branches as the trees contain relatively few 
branches. Summing over branches in a quantitative probability estimation scheme would affect the 
probability estimates by a factor of 3 to 5. Such changes are below the resolution of the qualitative scheme 
adopted here. 

The probability estimates of this analysis are used in the updated SAR summary hazard tables and together 
with the estimated consequences form the basis for deciding risk acceptability. 

5.0 References 

Ingram 2000 

LLNL 1997 

LLNL Current 

LLNL 2000a 

LLNL 2000b 

LLNL 2000c 

LLNL 2000d 

LLNL,2000e 

LLNL 2001 

Visoria 200 1 

“Safety Question Review for Building 801 ,Proof Testing of Contained Firing 
Facility,” SQR No.: BdivS300-CY00-CFF-0 1, C. Ingram, Livermore National 
Laboratory, Livermore, CA (November 13,2000) 

Site 300 B-Division Firing Areas Safety Analysis Report, UCRL-AR-122036, Rev. 1, 
Lawrence Livermore National Laboratory, Livermore, CA (September 1997) 

Environmental Safety and Health Manual, UCRL-MA- 133867, Lawrence Livermore 
National Laboratory, Livermore, CA (November 2000) 

Facility Safety Plan, B Division Site 300, S300.1, Change 2, Revision 1, Lawrence 
Livermore National Laboratory, Livermore, CA (October 1,2000) 

“Operation ofThree-Inch Gas Gun,” Operational Safety Procedure No. 300.64, 
Lawrence Livermore National Laboratory, Livermore, CA (March, 2000) 

“Potential Scattering of Explosives by Shape Charges,” Operational Safety Plan No. 
300.66, Lawrence Livermore National Laboratory, Livermore, CA (July 1, 2000) 

“Use Of Propane Burning to Remove Unexpended Explosives Contaminant Residue 
from B Division Firing Tables,” Operational Safety Plan No. 300.71, Lawrence 
Livermore National Laboratory, Livennore, CA (December 1,2000) 

“Use of a 1550 nm cw Laser at B-Division Site 300 Firing Facilities, “Operational 
Safety Plan No. 85 1.12, Lawrence Livermore National Laboratory, Livermore, CA 
(August 1,2000) 

“Explosives Experiments at Elevated Temperatures; Post Test Handling,” 
Operational Safety Plan No. 300.68, Lawrence Livennore National Laboratory, 
Livermore, CA (January 24,2001) 

“Description Contained Firing Facility,” R. Visoria, A. Lee, L. Simmons, C. Ingram, 
Lawrence Livermore National Laboratory (January 5,2001) 
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Appendix A 

Detailed Hazard Tables 
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Project: Site 300 SAR 
Location: 
Condition: HE transoort 

Firing Table, CFF Firing Chamber, CFF Gray Area 

Possible 
Consequences 

:enario 
3. 

HE detonation 
(personnel death 
or injury) 

1 

:iring Ta 

azard Deviation 1 Possible Causes 

I 

Methods of 
Detecting Event 

I 

obilelift or 

atteries, 

Activation (CFF 

, CFF Firing Cha 

lpresent 

3er, CFF Greay E a - HE Transpoil 

ay area only) 

'reventative 
:eat u res 

nspection of 
lehicle hydraulic 
ind electrical 
iystems before 
irst use on a 
liven day 

'eriodic 
nspection of 
iehicle batteries 

4pproved 
3xplosives 
landling 
sauipment 
Sontrol of 
ianition sources 
Separation 
distance 
between 
combustible 
materials and 
explosives 

Aigitative 
'eatures 

-acility 
rmergency 
3esponse 
'rocedures, 
lperational 
iccess controls 
imit number of 
?xposed 
ersonnel, 
eparated 
mergency exits 
i firing chamber, 
I-D siting / 
laximum 
xptosives 
/eight, Sites 
lemote location, 
:onfinement 
ystern (CFF 
)nlY) 

ornments 9R 
azard 
:enario 

ge 1 of 



Project: Site 300 SAR 
Location: Firing Table, CFF Firing Chamber, CFF Gray Area 

Hand held fire 
suppression 
Evacuation to 
approved cover 
if fire threatens 
I€ 
Separated exits 
from CFF firing 
chamber 
N cameras and 
atmosphere 
monitoring 
systems to 

Condition: HE transport 
cenario 1 Hazard \.Deviation 'ossible Causes 

Firing Table, CFF Firing Chamber, CFF Greay Area - HE Transport 

~ ~~~~ 

lethods of 1 Preventative 
letecting Event Features 

I 
'ossible 
:onsequences 

ligitative 
eatures 

:omments ;AR 
lazard 
icenario 
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I 
~ 

Migitative 
Features 

cenario 
0. 

2 Facility 
Em e rgency 
Response 
Procedures, 

lperational 
ccess controls 
nit number of 
xposed 
ersonnel, Q-D 
iting / Maximum 
xplosives 
might, Sites 
{emote location, 
:onfinemem 
ystem (CFF 
)nlY) 

Project: Site 300 SAR 
Location: Firing Table, CFF Firing Chamber, CFF Gray Area 

sssible Causes Methods of I Preventative 1 Detecting Event I Features 

iondition: HE transport 
lazard 1 Deviation 

I 
~ 

I 

I 
I 

Possible 
Consequences 

ieismic Event ' Mechanical I impact or friction 
sufficient to 
detonate or 
ireact HE when 
1 personnel 
/present 

! 
I 

Comments 

Assume HE is 
secured on firing 
table during this 
condition. Other 
condition is 
covered under 

3tup condition. 

adequate 
JppOrt 

1 Nearby 
equipment 
separated from 

Observed by 
Personnel, Heat 
detectors (CFF 
only), Sprinkler 
Activation (CFF 
gray area only) 

HE detonation 
(personnel death 
or injury) 

Firing Table, CFF Firing Chamber, CFF Greay Area - HE Transport 

Design E test 
stands 
Transport 
container or 
 other cushioning 
material protects 
from shock and 
lfriction during 
/transport 

1 
Limited time of 
HE exposure to 

1 hazards 

;AR 
iazard 
Scenario 
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Project: Site 300 SAR 
Location: 
Condition: HE transport 

Firing Table, CFF Firing Chamber, CFF Gray Area 

cenario 1 Hazard 1 Deviation 1 Possible Causes Methods of 
I 
I 1 Detecting Event 
I 

I 
1 

I 
I 0. 

I 
I 

i 
1 

3lLightning 
I 

I I 
sufficient to fire violation, Failure IObserved Personnel, by Heat 
Electrical input Procedure 

ldetonators or to of lightning 
jdirectly initiate 1 warning 

approved under 
srmciiic OSP 
Evacuation to 
approved cover 
on lightning 
warninq 
Detonator leads 
/ initiation circui 
grounded until 
personnel under 

E when 
ersonnel 
resent 

I 
I 

I 
I 
i 

-iring Table, CFF Firing Chamber, CFF Greay I 

detectors (CFF 
only), Sprinkler 
Activation (CFF 
(gray area only) 

!a - HE Transporl 

reventative 
satures 

etonators 
sconnected and 
iorted until final 
rming 

xsible 
msequences 

E detonation 
ersonnel death 
' injury) 

Migitative 
Features 

Facility 
Emergency 
Response 
Procedures, 
Operational 
access controls 

Comments 

I 

limit number of 
exposed 
personnel, Q-D 
siting I Maximum 
explosives 
weight, Sites 
Remote location, 
Confinement 

1 :i:m,EZation 
of explosives 
area as soon as 
practical after 
lightning alert 

most likely not 
applicable to 
CFF, but credit is 
not taken for 
firing chamber 

:ructure as an 
lectrical shield 

9R 
azard 
senario 
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Project: Site 300 SAR 
Location: Firing Table, CFF Firing Chamber, CFF Gray Area 

Dssible Migitative 
onsequences Features 

Condition: HE transport 
:enario Hazard 1 Deviation Possible Causes Methods of I Preventative I Detecting Event Features 1 I I 

i 3. 

Comments 

4 I Mobilelift, Forklift i Mechanical I 

/or other lifting 
I equipment: sufficient to 
1 Mechanical /detonate or 1 Impact 
1 

'impact or friction I .  

i react HE when 
!personnel ' resent 

I IP 

I 
I 
I 

luman Error, 
ailure of vehicle 

Observed by 
Personnel, Heat 

ontrols 

E detonation 
)ersonnel death 
r injury) 

Firing Table, CFF Firing Chamber, CFF Greay Area - HE Transporl 

Facility 
Emergency 
Response 
Procedures, 
Operational 
access controls 
limit number of 
exposed 
'personnel. Q-D 
siting / Maximum 
explosives 
weight, Sites 
Remote location, 
Confinement 
system (CFF 

lift mechanisms 
prior to first use 
in a given day. 

Transportation 
,containers or 
other cushioning 
material 

ctivation (CFF 
ray area only) 

I I 
I 

AR 
azard 
cenario 
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Project: Site 300 SAR 
Locat ion: Firing Table, CFF Firing Chamber, CFF Gray Area 

rossioie Lauses Metnoas or 1 rreveriidiive 
Detecting Event Features Consequences Features I ;zard i "eviarlon :enario 1 nazara 

i 
I 
I 

I I. 

I Scenario 

j ~ 

! 

i 
I Specific OSP 

I 

5 

I 
i 

IE dropped or Mechanical 
lid impact or frictioi 

1 sufficient to 
/detonate or 
react HE when 

1 personnel I oresent 

required for 
handling of large 
explosive 
charqes 
Plans and 
procedures for 
movement of 
explosives 
lTraining and 

luman Error Observed by 
Personnel, Heat 
detectors (CFF 
only), Sprinkler 
Activation (CFF 
Igray area only) 

Firing Table, CFF Firing Chamber, CFF Greay Area - HE Transport 

ualification of 
xplosives 
andlers 
raining and 
ualification of 
xplosives 
andlers 

Two person lift 
I f  large explosh 
:harges 

{E detonation 
personnel death 
lr injury) 

acility 
:mergency 
lesponse 
'rocedures, 
)perational 
ccess controls 
mit number of 
Ixposed 
iersonnel, Q-D 
#iting / Maximur 
!xplosives 
veight, Sites 
3emote location 
:onlinemen1 
iystem (CFF 
)nlY) 
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Project: Site 300 SAR 

Scenario :Hazard  deviation IPossible Causes IMethods of 
No. I Detecting Event 

~ 

Preventative Possible Migitative Comments 
Features Consequences 

iE detonation 
personnel death 
ir injury) 

detonate or 
react HE when 
personnel 

j present 

Facility 
Emergency 
Response 
Procedures, 
Operational 
access controls 
limit number of 
exposed 
personnel, Q-D 
siting / Maximum 
explosives 
weight, Sites 
Remote location, 
Confinement 
system (CFF 

quipment failure 

/Use of approved 
1 work procedures 

Observed by 
Personnel, Heat 
detectors (CFF 
only), Sprinkler 
Activation (CFF 
gray area only) 

Specific OSP 

6 1 Shrapnel from 
/tire blowout 

Firing Table, CFF Firing Chamber, CFF Greay Area - HE Transport 

Mechanical 
impact or friction 

equired for 
landling of large 
!xplosive 
:haraes 
nspection of 
:rane and forklift 
ires, steering, 
;uspension and 
ift mechanisms 
xior to first use 
n a given day. 

Llmlted tlme of 
HE exposure to 
hazards 

IAR 
lazard 
,cenario 
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Project: Site 300 SAR 
Location: Firing Table, CFF Firing Chamber, CFF Gray Area 

iario 1 Hazard I Deviation Possible Causes 1 Methods of 1 Preventative 
I I 1 Detecting Event I Features 
~ 

~ I I I 

I I ! 

Possible Migitative 
Consequences Features 

7 I Equipment Falling ~ Mechanical Human Error, 
/on HE I impact or friction Inadequate 

isufficient to support, Failure 
detonate or of vehicle 
lreact HE when controls 

i 
I 
I 

Observed by 
Personnel, Heat 
detectors (CFF 
only), Sprinkler 
Activation (CFF 

Transporll 
container or 
other cushioning 
material protects 
from shock and 

)ersonnel death 
r injury) 

/gray area only) friction during 
transport 

Emergency 
Response 
Procedures, 
Operational 
access controls 
limit number of 
exposed 
personnel, Q-D 
siting / Maximum 
explosives 
weight, Sites 
Remote location, 
Confinement 
system (CFF 
Only) 

( 1 

Firing Table, CFF Firing Chamber, CFF Greay Area - HE Transport 

ipresent 

dearby 
equipment 
separated from 
HE and 

l supported to 
prevent fallinq 
Limited exposure 
time 

:omments 'AR 
lazard 
cenario 
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______________ 

P r 0) e c t : Site 300 SAR 
Location: Firing Table, CFF Firing Chamber, CFF Gray Area 
Condition: HE transDort 

Possible reventative 
eatures Consequences 

:enario I Hazard I Deviation Migitative 
Features 

3. I 

linimize amount HE detonation 
f combustible (personnel death 
iaterials. lor injury) 

I 
I I 
i i I 

Facility 
Emergency 
Response 

Possible Causes Methods of 
Detecting Event 

Procedures, 
Operational 
access controls 
limit number of 
exposed 
personnel, 
Separated 
emergency exits 
in firing chamber 
Q-D siting / 
Maximum 
explosives 
weight, Sites 
,Remote location 

I I 

8 i Fire in or around 1 Fire creates 1 Brushlgrass fire 1 Observed by 
firing table or 
CFF service 
!building 

1 

Isufficient heat to I jdetonate HE 
IlA CFF) Personnel, Heat 

detectors (CFF 
lonly), Sprinkler 
Activation (CFF 
gray area only) 

Firing Table, CFF Firing Chamber, CFF Greay Area - HE Transport 

2ontrol of 
snition sources 
-land held fire 
suppression 
Zvacuation to 
approved cover 
f fire threatens 
-E 
rime delay 
)elore entering 
area with 
unreacted HE 
Limited exposurt 
time 

3mments w 
azard 
:enario 
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Project: Site 300 SAR 
Location: 
Condition: HE transport 

Firing Table, CFF Firing Chamber, CFF Gray Area 

Preventative 
Features 

cenario 
0. 

9 

Possible Migitative 
Consequences Features 

iazard 

I 

1 Deviation 

i 

Design of gas 
systems to 
contain toxic or 
inert gas 

Personnel injury Facility 
or death Emergency 
(poisoning, Response 
suffocation, lung Procedures, 
damage). Ventilation 

Ventilation 
systems in areas 
containing toxic 
gas, inert gas, or 
firing chamber 
ventilation 

I Monitoring systems \leak into I 
/System, 
Observed by 
Personnel 

- 1  Firing Table, CFF Firing Chamber, CFF Greay Area - HE Transport 

systems in areas 
containing toxic 
gas, inert gas, o 
firing chamber 
ventilation 
ducting 

! 

omments IAR 
lazard 
kcenario 
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Mitigative 
Features 

1 Location: Firing Table, CFF Firing Chamber, CFF Gray Area 

:enario I Hazard 1 Deviation Possible Causes Methods of 
I Condition: Shot setup I I I 

I I 
'Preventative 

I I detecting event ,Features I 

i 

1. 

I 

Possible 
Consequences 

I 1 

1 Mobilelift or ;Fire on nearby Hydraulic fluid Observed by I Forklift: leak with ignition Personnel, Heat j Batteries, \sufficient heat source, detectors (CFF 
1 Hydraulic fluid 1 to detonate HE Hydrogen leak only), Sprinkler 
1 i when personnel with ignition Activation (CFF 

1 vehicle creates 
Inspection of HE detonation 
vehicle hydraulic (personnel deatt- 
and electrical 
systems before 
first use on a 

Periodic 1 inspection of 
vehicle batteries 

Control of 
ianition sources 

I [present I 
i 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

source 

(or injury) 

1 
omments 4R 

azard 
cenario 

acility 
.mergency 
lesponse 
'rocedures, 
Iperational 
lccess controls 
mil  number of 
,xposed 
)ersonnel, 
Separated 
3mergency exits 
n firing 
:hamber, Q-D 
siting I 
vlaximum 
?xplosives 
Neight, Sites 
qemote location 
2onfinement 
system (CFF 
3nlY) 
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1 Condition: 
cenario 1 Hazard 
0. j 

I 

Site 300 SAR I I 
Shot setup I I 
Firing Table, CFF Firing Chamber, CFF Gray Area 

Deviation 1 Possible Causes Methods of 
detecting event 

Preventative 
Features 

I I I 

I 
'ossible j Mitigative 
zonsequences Features 

I 

i 
I 

I I 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

;eparation 
fistance 
letween 
:ombustible 
naterials and 
?xplosives 
-land held fire 
suppression 
Evacuation to 
approved cover 
if fire threatens 
E 
Separated exits 
from CFF firing 
chamber 
TV cameras and 
atmosphere 
monitoring ' 
systems to 
support fire 
response 
Time delay 
before entering 
area with 
unreacted HE 
Limited time of 
HE exposure to 
hazards 

omments AR 
azard 
c e n a r i o 

Page 2 of 34 



1 Project: ,Site 300 SAR 1 1 
]Condition: !Shot setup I I 
i Location: ' Firing Table, CFF Firing Chamber, CFF Gray Area 

senario ' Hazard ,Deviation I Possible Causes 1 Methods of 

E detonation Facility 
,ersonnel death Emergency 
r injury) Response 

Procedures, 
Operational 
access controls 
limit number of 
exposed 
personnel, Q-D 
siting I 
Maximum 
explosives 
weight, Sites 
Remote location, 
Confinement 
system (CFF 
Only) 

0. I 

j 
I 

Comments 

Assume HE 
secured on 
firing table 
during this 
condition. 
Other 
condition is 
covered 
under 
transport 

I condition. I 

Preventative Possible 
Features Consequences 

, 

1 Mitigative 
Features 

! 
! 
I 

I IVearby 

/detecting event 

2 I Seismic Event 1 Mechanical 1 
'impact or 
(friction 
j sufficient to 
\detonate or 
lreact HE when 
1 personnel 
'present 

adequate 
ipport 

Observed by 
Personnel, Heat 
detectors (CFF 
only), Sprinkler 
Activation (CFF 
gray area only) 

besign of test 
tands 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

AR 
azard 
cenario 
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Scenario 
No. 

,. 
c 

Project: ;Site 300 SAR 1 i I 
i 
I Features 

'Firing Table, CFF Firing Chamber, CFF Gray Area 
I i detecting event 
I 

Possible Causes Methods of 1 Preventative 
! 

I 
Location: 
Condition: 'Shot setup 
Hazard I Deviation Possible Mitigative I 

Consequences Features 

I' 

:acility 
rmergency 
qesponse 
'rocedures, 
Iperational 
iccess controls 
imit number of 
3xposed 
iersonnel, 
Separated 
3mergency exits 
n firing 
chamberQ-0 
siting I 
Maximum 
explosives 
weight, Sites 
Remote location, 
Confinement 
system (CFF 
Only), 
Evacuation of 
explosives area 
as soon as 
practical after 
lightning alert 

I 

ghtning j Electrical input 

1 directly initiate 1 HE when 
1 personnel i Dresent 

ldetonators or to ' f lightning /detectors (CFF 
nal arming raining only), Sprinkler 

Activation (CFF 
gray area only) 

:omments SAR 
lazard 
cenario 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup Page 4 of 34 



I 
I 
I 

1 Project: Site 300 SAR I I 
j Location: 
!Condition: i Shot setup 

I Firing Table, CFF Firing Chamber, CFF Gray Area 

Preventative 
f i 1 Possible Causes 

detecting event Features 
I 

I I 

:enario I Hazard 1 Deviation 
0. 

I 

Possible 
Consequences 

I 

itigative 
3atures 

I 

Comments 

! 
! j 

I I 

High energy 
Initiators used 
except as 
approved under 
specific OSP 
Detonator leads 
/ initiation 
circuit grounded 

I ! 

I ' Evacuation to 1 approved cover 
Ion lightning 
1 warnina 
I Separated exits 
'from CFF firing 
!chamber 
,Limited time of 
HE exposure to 1 hazards 

4R 
azard 
cenario 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup Page 5 of 34 



I 

I I 
I 
i 

i 
I 

1 
I 

i 

I 

~ 

I 

I 

I 
I 

ossible 
:onsequences 

\Site 300 SAR I I 
Shot setup I I 
Firing Table, CFF Firing Chamber, CFF Gray Area 

1 Deviation I Possible Causes 1 Methods of 

! I Fii;:n: 
cenario 1 Hazard Mitigative 

Features 
O. I 

I 

[detecting event 

4 ~ Electrical 
1 equipment 

I 

I 
I 
I 
I 
I 
I 

i 
I 

IE detonation 
iersonnel death 
r injury) 

/Fire on nearby 
1 electrical 
!equipment 
j creates 
j sufficient heat 
/ to  detonate HE 
I 

1 

I 

I 

I 
I 
I 

I 

I 

I 

I 

Facility 
Emergency 
Response 
Procedures, 
Operational 
access controls 
limit number of 
exposed 
personnel, 
Separated 
emergency exits 
in firing 
chamber, Q-D 

quipment 
iilure 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

Observed b y  
Personnel, Heat 
detectors (CFF 
only), Sprinkler 
Activation (CFF 
gray area only) 

reventative 
eatures 

explosives 
weight, Sites 

' Remote location 
Confinement 
system (CFF 

eriodic 
ispection of 
lectrical 
quipment 
xated near HE. 

iand held fire 
iuwression 
Jse of approved 
Nork procedures 

omments ;AR 
lazard 
; c e n a r i o 

I 

Page 6 of 34 



i Project: iSite 300 SAR 1 I I 

litigative 
eatures 

I Location: \Firing Table, CFF Firing Chamber, CI 
1 Condition: 1 Shot setup I 

cenario (Hazard 1 Deviation 1 Possible Causes Comments 

I 
I i ! 

1 

: Gray Area i 
lethods of 1 Preventative 
etecting event Features 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

Prior review and 
approval of 
lortable 
dectrical 
auipment 
nstalled 
2quipment rated 
or use in areas 
If explosives 
iazard 
Separation 
listance 
ietween 
:ombustible 
naterials and 
jxdosives 
Separated exits 
lrom CFF firing 
Zhamber 
TV cameras and 
atmosphere 
monitoring 
systems to 
support fire 
response 
Time delay 
before entering 
area with 
unreacted HE 

ossible 
onsequences 

AR 
lazard 
cenario 

Page 7 of 34 



I 
I 

I 

I 
1 
1 

~ 

I 
i 

I  condition: I Shot setup 
:enario 1 Hazard I Deviation IPossible Causes 

I 

I 
3. j I 

i 

Methods of 
detecting event 

I I 

'reventative 
'eatures 

Possible Mitigative 
Consequences Features 

-imited time of 
-!E exposure to 
iazards 
2ontrol of 1 HE detonation 
Inition sources 1 (personnel death 

! 

Facility 
Emergency 

! 
1 
! 

i 

1 

I 

I 

I 

I 

i 

I 

i 
I 

I 

i I 
I 

I 
I 

Personnel, Heat 
detectors (CFF 
only), Sprinkler 
Activation (CFF 
gray area only) 

\creates 
I sufficient heat 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

Equipment 
failure 1 Response 

Procedures, 
Operational 
access controls 
limit number of 
exposed 
personnel, 
Separated 
emergency exits 
in firing 
chamber, Q-D 
siting I 
Maximum 
explosives 
weight, Sites 
Remote locatior 
Confinement 
system (CFF 
,Only) 

/or injury) 

lvlinimize amount 
of combustible 

Hazard 
Scenario 

, 

Page 8 of 34 



I I I I I 
I I 

I Project: [Site 300 SAR 1 
j Location: I Firing Table, CFF Firing Chamber, CFF Gray Area I 

Possible Mitigative Comments SAR 
Consequences Features Hazard I I Scenario 

 condition: !Shot setup I \ I 

I I I 

I I I 

Scenario 1 Hazard j Deviation Possible Causes Methods of 1 Preventative 
No. 1 I detecting event 1 Features 

1 I 
I I 

I 
I 

I 

I 
I i Separation 

distance 
between 
combustible 

explosives 
Use of approved 1 work procedures 

~ 

! i 

I i I 

I 
i 

1 
! 

I 

I materials and 
I i 
I 

! I 
i 

! 

I 
I I 

I 
I 
I Hand held fire 
1 suppression 

Evacuation to 1 
approved cover 1 
i f  fire threatens I 

j 
E 
Separated exits 

I i 
I 1 

I from CFF firing 1 i 
chamber I ~ 

i 

i 
~ 

I 

I 

I 

I 'TV cameras and 
I I I I   atmosphere 

I 1 monitoring 

I 
I 

I 
I I 

1 systems to 
support fire 

Time delay 

'area with 

I 
I 

I I I I I 
I 

I before entering 
I 
I I 

1 unreacted HE I I I i 
~ 

I 
i 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup Page 9 of 34 



1 Project: !Site 300 SAR 1 I I  location: j Firing Table, CFF Firing Chamber, C F Gray Area 
I Condition: 'Shot setup 

cenario I Hazard I Deviation 
0. I 

I 

! I 
! 

Methods 01 
jetecting event 

I I 
I 
I 

I 
I 

Observed by 
Personnel, Heat 
detectors (CFF 
only), Sprinkler 
Activation (CFF 
gray area only) 

6 
iersonnel death 
r injury) 

ortable Radios ;RF output 
Jfficient to 
igger 
etonator 

Emergency 
Response 
Procedures, 
Operational 
access controls 
limit number of 
exposed 
personnel, 
Separated 
emergency exits 
in firing 
chamberQ-D 
siting I 
Maximum 
explosives 
weight, Sites 
Remote location 
Confinement 
system (CFF 

m i b l e  Causes 

rocedure 
iolation 

'reventative 
eatures 

imited time of 
iE exposure to 
iazards 
ladio 
ransmitters 
:ontrolled in 
irea 

ossible 1 Mitigative 
onsequences Features 

,omments AR 
azard 
c e n a r i o 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup Page 10 of 34 



omments Scenario Hazard 
/No. 

SAR 
Hazard 
Scenario 

j Deviation Possible Causes I 

I 

lethods of I 
etecting event ~ 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

'reventative 
:eatures 

letonator leads 

:ircuit grounded 
inti1 personnel 
inder cover 

initiation 

High energy 
Initiators used 
except as 
approved under 
specific OSP 
Detonators 
disconnected 
and shorted until 
final arming 

ossible 
:onsequences 

litigative 
eatures 

Limited time of 
HE exposure to 
hazards 

Page 11 of 34 



I 
I 

I 
I 
I 
I 
i 
I 

I 
I 
I 
I 

I 
I 

I 

I 
i 

I 
1 

I 

-1 
I 
I 
I 

[Condition: 1 Shot setup I 
Scenario 'Hazard I Deviation 'Possible Causes 
No. I 

Methods of 
detecting event 

7 1 Flash Devices, 1 Personnel 
I I Diagnostic lasers exposure to 

I I (laser beam or 
I 1 intense light 

I sufficient to 
/cause injury 

I 
I 

I I 1 

I 

Preventative 
Features 

Compliance with 
ANSI Standard 
2136.1 

Possible Mitigative 
Consequences Features 

Personnel injury Facility 
(eye damage Emergency 
and physical Response 
burns). Procedures, 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

1 
I 

I I 
I 
I 

muster, 
Equipment 
failure, 
Inadequate 
maintenance of 
beam filters, 
Beam scattering 

lor reflection, 
Wiring error 

omments 

Personnel 

4R 
azard 
cenario 

Interlocked laser 

safety glasses 

Page 12 of 34 

paths for high 
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1 Project: /Site 300 SAR 1 . I I 
1 Location: 1 Firing Table, CFF Firing Chamber, CFF Gray Area 1 

Scenario 1 Hazard  deviation 1 Possible Causes I Methods of I 
icondition: 1 Shot setup I I I 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

Possible 
Consequences 

'reventative 
:eat u res 

lptical fiber end 
:aps when fibers 
or high intensity 
asers are not I 

i 
I :onnected 

i 
I bluster before 

generation of 1 
ntense laser 
liqht 
Light filters 
Training and 1 
qualification of 1 

Paging 
announcements 
before firina 
Visual 
observation of 
firinq area 
Use of approved 
work procedures 

I Signs and alarms 1 

personnel I 

i 
I 

I 
I 

I I 
litigative Comments SAR 
eatures 1 1 Hazard 

I Scenario 

Page 13 of 34 



SAR 
Hazard 
Scenario 

Location: j Firing Table, CFF Firing Chamber, CI 

Scenario 
No. 

e 

I 
I 
I Gray Area 

Project: 'Site 300 SAR 1 I 

itecting event 1 Features 'Consequences 

i 

(personnel death 

I 
bserved by Detonator leads HE detonation 
xsonnel, Heat / initiation 
2tectors (CFF icircuit grounded . injury) 

Condition: \Shot setup I 
Hazard ;Deviation 1 Possible Causes 

i Features 

Emergency 
Facility 

Response 

1 i 

!detonators or to 
I directly initiate 
\HE when 
i personnel 
I present 
1 

~ l y ) ,  Sprinkler 
ctivation (CFF 
'ay area only) 

until personnel 
under cover 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

Maximum 
explosives 

i weight, Sites 
Remote location, 
Confinement 

I 

I 
I I Detonator 
/cables separate( 
lfrom other 
jenergized cable! 
I 

omments 

Page 14 of 34 



I I i 
i I 

j Project: !Site 300 SAR 1 1 Location: 1 Firing Table, CFF Firing Chamber, CFF Gray Area 1 
I 

I ~ I 

I I 
I 

I I I 
i ! 
I i 

1 Mitigative 2enario 1 Hazard ' Deviation Possible Causes 1 Methods of !Preventative Possible 
0. ~ detecting event I Features Consequences Features 

(Condition: 1 Shot setup I I 
i 
I I 

I I i 
i 

1 
j 
i 

I 

1 
i 
I 

j 

I 
I 

i 
! 

I 
i 
I 

Comments 

! 1 
I I 

! 
I 

I 1 Detonators 
jdisconnected 
land shorted until 1 final arming 

l Test stand 
electrically 

'isolated from 
floor by rubber 

Limited time of 
HE exposure to 
hazards I Use of approved 
work procedures 

i 1 Electronic 
1 photographic 
flashes 
evaluated for 

1 before use and 
I separation 1 distance from 
j explosives 
m a i n w e d  

I ,intrinsic safety 

I I 
I 

AR 
azard 
cenario 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 
Page 15 of 34 



I 1 Condition: ;Shot setup 
:enario 1 Hazard i Deviation 
3. 

I 
I 

I 
I 
I 

I 
i 

Possible Causes Methods of I Preventative 
detecting event 1 Features 

I I 
I 

I 
i 
I 

Fire with hot- \Observed by (Detonator 
short 

xposed 1 Electrical input 
:onductors :sufficient , to fire 

'detonators or to 
1 directly initiate 
:HE when 
I personnel 
jpresent 
I 

omments SAR 
Hazard 
Scenario 

IE detonation 
iersonnel death 
r injury) 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

Facility 
Emergency 
Response 
Procedures, 
Operational 
access controls 
limit number of 
exposed 
personnel, 
Separated 
emergency exits 
in firing 
chamberQ-D 
siting I 
Maximum 
ex p I o s i v e s 
weight, Sites 
Remote location 
Confinement 
system (CFF 

wsonnel, Heat 
?tectors (CFF 
ily), Sprinkler 
ctivation (CFF 
'ay area only) 

91 ables separated 
'om other 
nergized cables 

rest stand 
Aectrically 
solated from 
iloor by rubber 
mat 
Hand held fire 
suppression 

ossible 
onsequences 

Mitigative 
Features 

I 

Page 16 of 34 
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Scenario 
No. 

Possible Causes Methods of 
detecting event I Condition: !Shot setup I 

1 
Hazard 1 Deviation Preventative 

Features 

I 
I 
I 
I 

1 
1 

i 

! 
I 
I 
! 

1 

I 

I 

I 
I 
I 
! 

Limited time of 
HE exposure to 
hazards 
Noninitiating 
systems 
disconnected or 
connected 
through intrinsic 
safe boxes wher 
personnel 
present 

I 1 
Mitigative 

Consequences Features Hazard 
Scenario 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup Page 17 of 34 



- 1  

etonator leads 
initiation 
ircuit grounded 

cenario 
0. 

HE detonation 
(personnel death 
or injury) 

Project: /Site 300 SAR 1 I 
Condition: ! Shot setup I 
Location: 

Hazard ~ Devialion 

I Firing Table, CFF Firing Chamber, CFF Gray Area 

Possible Causes 
I detecting event 
! i 

I Electrical input 
!sufficient to fire 

Electrostatic lobserved by 
discharge 1 Personnel, Heat 

;detonators or to ' 
1 directly initiate 
 HE when 
!personnel 
/present 
i 
I 

I 

iggers 
etonator 

emergency exits 
in firing 
chamberQ-D 
siting I 
Maximum 

I explosives 
weight, Sites 
Remote location, 
Confinement 
system (CFF 
Only) 

etectors (CFF 
nly), Sprinkler 
ctivation (CFF 
ray area only) 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

I 
reventalive Possible 
eatures I Consequences 

i igh  energy 
nitiators used 
Zxcept as 
approved under 
wecific OSP 

Mitigatlve 
Features 

omments AR 
latard 
cenario 

Page 18 of 34 



Project: /Site 300 SAR 1 I 
I Shot setup I I 
i Firing Table, CFF Firing Chamber, CFF Gray Area 

senario I Hazard 1 Deviation I Possible Causes Melhods of Preventative 
detecting event 1 Features 

i 
- 1  

Possible Mitigative 
Consequences Features 

I 
! 1 

1 

I I 
I j 

I 
I 
! 

0. 

I 
I i I I 

i j I 
I letonators 

lisconnected 
ind shorted until 
inal arming 

rest stand 
dectrically 
solated from 
iloor by rubber 
mat 
Tasks involving 
tools and other 
spark sources 
completed 
before 
explosives 
arrive. 
Limited time of 
HE exposure to 
hazards 
Personnel 
handling ESD 
sensitive 
explosives / 
components 
wear clothing 
that does not 
generate static 
slectricitv. 

omments AR 
azard 
cenario 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup Page 19 of 34 



1 Project: /Site 300 SAR I I 
/Condition: I Shot setup I I 
:Location: i Firing Table, CFF Firing Chamber, CFF Gray Area 

Scenario I Hazard I Deviation /Possible Causes 1 Methods of \Preventative 1 Possible /Mitigative /Comments 
No. detecting event 

Unanticipated 1 Observed by Materials placed 
Personnel, Heat in contact with with assembly reaction on HE chemical 

1 1 ' Chemical reactor i Chemical 

Features 

HE detonation Facility 
(personnel death Emergency 

I 

/Consequences ! Features 

detectors (CFF HE evaluated for r injury), or 
oxic gas 

Response 
Procedures, ' 

(input to: cause 
/detonation, 
1 sensitize HE 
I such that 
;detonation 
I caused by 
!normal 
1 acceptable 
I energy source, 
'or release toxic 

I 

 gas. 

I 

! 1 
! 

i 

I 

:ompatibility 

! 

Only) 

iolation 

Training and 
qualification of 
explosives 
handlers 
Use of approved 
work procedure: 

AR 
azard 
cenario 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup Page 20 of 34 



Scenario 
No. 

Project: I Site 300 SAR 1 I 
Condition: ishot setup I i 
Location: 1 Firing Table, CFF Firing Chamber, CFF Gray Area 

Hazard I Deviation 1 Possible Causes Methods of 
idetecting I event 

Possible ' Mitigative 
Consequences I Features 

Preventative 
Features 

Observed by Redundant HE detonation Facility 

detectors (CFF /control systems r injury) Response 
input to cause !failure Personnel, Heat temperature (personnel death Emergency 

omments 

i catalyze 
i detonation 
1 caused by other 
energy sources 

I 
I 

SAR 
Hazard 
Scenario 

I 

limit number of 
exposed 
personnel, 

i 

Maximum 
explosives 
weight, Sites 
Remote location, 

I 

Confinement 
system (CFF 
IOnly) 

I 

only), Sprinkler 1 
Activation (CFF 
gray area only), 
HE temperature 
monitoring 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

naintain 
emperature 
)elow critical 
emperature 
vhen chamber is 
nanned, except 
1s allowed by 
specific OSP. 

Use of approved 
heating 
equipment 

Page 21 of 34 
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icenario 
lo. 

1 3  

'reventative 
'eatures 

'roject: i Site 300 SAR I I 
:ondition: 1 Shot setup I 
ocation: 

lazard  deviation I Possible Causes 

! Firing Table, CFF Firing Chamber, CI 

I 

Possible Mitigative Comments 
Consequences Features 

I I 
, i 

I ~ 

I 

HE detonation Facility 
(personnel death Emergency 
or injury) Response 

Procedures, 
Operational 
access controls 
limit number of 
exposed 
personnel, Q-D 
siting I 
Maximum 
explosives 

I weight, Sites 
Remote location, 
Confinement 
system (CFF 
Only) 

'est launcher or !Premature firing 
lun (of launcher or 

j gun 
I 

I 
I 
i 

i I 
I 
I 
I 
I 
I 

i 
! 

! I 

Wiring error, 
Equipment 
failure, Exposure 
of launcher to 
hazards similar 
to those 
analyzed for HE., 
Inadequate 
muster, Use of 
incorrect test 
equipment 

Gray Area 

Aethods of 
letecting event 

lbserved by 
'ersonnel, Heat 
letectors (CFF 
mly), Sprinkler 
4ctivation (CFF 
yay  area only) 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

'rotection from 
inplanned 
it iation inputs 
imilar HE 
letonation 
bazards. 

;AR 
{azard 
icenario 

Page 23 of 34 



I Firing Table, CFF 
IShot setup 

senario I Hazard j Deviation Possible Causes IMethods of 1 Preventative Possible I 
detecting event Features Consequences 1 

1 Project: \Site 300 SAR 1 I 
'iring Chamber, CFF Gray Area 

I I 

Equipment Observed by 
failure, Use of Personnel, Heat 
incorrect test detectors (CFF 
equipment, only), Sprinkler 
Wiring error, Activation (CFF 
Inadequate gray area only) 
muster 

I 0. 

approved under 

1 4  E with ,Planned source 
ttached of electrical or 
etonators !laser input 

causes I detonators to 
\fire while 
I personnel in 
\chamber 

I 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

Key interlocked 
firing and 
charging circuits 

E detonation 
iersonnel death 
r injury) 

A i  tig a tive 
:eatures 

Dmments AR 
azard 
cenario 

-acility 
zmergency 
3esponse 
'rocedures, 
3perational 
xcess controls 
imit number of 
ax posed 
personnel, Q-D 
siting I 
Maximum 
explosives 
weight, Sites 
Remote location 
Confinement 
system (CFF 

- 

Only) 
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a
 

f 1. lu 
G LL 

-
L
-
 

o
 i
 

al 
13 

!i 
1
 

0
 

0
 

.- L
 

lu
 

C
 
$
0
 

0
)z

 

........... 
-. 

.
.

 
. 

.
 .
_

 

-
 

~ 
.
.
.
 

.
 

...... 

d
 

m
 
c
 
0
 

Q
 

3
 

a 
cn 0
 

1
 

(I) 

m 

c
 

c
 

I 

:
 

3 1
.
 

LL 
LL 
0

 

m
 

C
 

U
 

.- L 
.- LL 
LL 
0
 

m
 

C
 

LL 
.- L .- 



I 

Project. Site 300 SAR I I 

Location. Firing Table, CFF Firing Chamber, CFF Gray Area I 
Condition Shot setup I 

Scenario Hazard Deviation Possible Causes Methods of Preven ta t we Possible Mitigative Comments , SAR 
No. detecting event Features 'Consequences Features ;Hazard 

I 
I I Scenario 

I 

I 1 

I I 

Detonator leads 1 

/ initiation I 

circuit grounded I I 

:until personnel , 
under cover I 

I Installed 

for use in areas 

, I 

I 

equipment rated I 

of explosives I 

hazard i 
Visual 1 I 
observation of I 
'firina area I 

I I 
1 

1 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup Page 26 of 34 



Project Site 300 SAR 
Location. Firing Table, CFF Firing Chamber, CFF Gray Area 
Condition Shot setup I 

Scenario Hazard Deviation Possible Causes Methods of Preventative ,Possible Mitigative Comments SAR 
No. detecting event Features 1 Consequences ' Features I Hazard 

I Scenario 
1 

I 

I 
I I 

I I 

15  Test launcher or Premature firing Equipment Observed by Control of gun 'Personnel death Facility / J  
of launcher or failure, Use of Personnel, Heat 
gun incorrect test detectors (CFF 

' equipment, l only), Sprinkler 
Wiring error, Activation (CFF 
Inadequate gray area only) 
muster, 

I Exposure of 
launcher to 
hazards similar 
to those 
analyzed for HE. 

cart key or injury from 
impact 

Launcher not 
loaded until just 
before firincl 
Detonator leads ' 

/ initiation 
circuit grounded 
until personnel 
under cover 

1 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

I Emergency ' Response 
Procedures, 
Operational 
access controls 
limit number of 
exposed 
'personnel, Q-D 
siting I 
Maximum 4 

1 explosives 
'weight, Sites 
Remote location,, 
Confinement 
'system (CFF 
'Only) 
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Project. Site 300 SAR ' 
Location. 

l Condition: Shot setup 
Firing Table, CFF Firing Chamber, CFF Gray Area 

1 

Scenario Hazard Deviation Possible Causes Methods of Preventative Possible Mitigative Comments , SAR 
No detecting event Features 'Consequences Features ' Hazard 

Scenario 

I 

High energy 
Initiators used ' 
except as 
approved under 
wecific OSP 
Run / safe boxes 

Key interlocked 
firing and 

I 

, 
charging circuits I 

,Use of approved 
work procedures 

1 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

I 

Training and 
qualification of I 

explosives 
handlers 
Muster before 
firinq 
Paging 
announcements 
before firinq 
'Shielding and 
sand baqs 
Visual 
observation of 

'firinq area 
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Project. Site 300 SAR I 

Location: Firing Table, CFF Firing Chamber, CFF Gray Area I 

Condition. Shot setup I 

Scenario Hazard Deviation Possible Causes Methods of Preventative Possible , Mitigalive Comments ' SAR 
No. detecting event , Features (Consequences , Features 'Hazard 

Scenario 

I 

I 
I 

I 
I 

Use of approved ' 

ifor initiating I 

'circuits. I 

I test equipment 
I 

I 

1 6  X-ray machines Personnel Failure of X-ray 'Observed by Interlocks Personnel injury Operational !K 
radiation machine / linear 1 Personnel, or death 'access controls I & linear 

accelerator ' Dosimetry (radiation 'limit number of 
I 

accelerators exposure 
control and j exposure) exposed exceeds 

occupational systems, * Facility 
dose Inadequate Emergency 

I 

f 

allowable 'interlock personnel, I 
I 

muster 

4 Paging 
,announcements ~ 

before firina 
Muster before 
firina 
Run I safe boxes 

,Use of approved 
,work procedures 

Visual 
'observation of 

I Response 
Procedures 

'firina area I 
'Training and ~ 1 

'qualification of ' 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

_ _  . - - ____ - - __ . -. 
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I 

Project I I 

Location. 
Condition. Shot setup 1 

Site 300 SAR 
Firing Table, CFF Firing Chamber, CFF Gray Area 

Scenario Hazard Deviation Possible Causes Methods of Preventative Possible Mitigative Comments SAR 
No. detecting event Features Consequences Features I Hazard 

I ' Scenario 

I 

I 
1 7  Inert or toxic Inert or toxic Equipment 'Atmosphere Design of gas ,Personnel injury I ' Facility I ;p 

gas systems gas leak into failure Monitoring systems to or death I Emergency I I 

I 
confined space I System, ,contain toxic or (poisoning, I Response I 

(Observed by inert gas :suffocation, lung Procedures, 
' Personnel :damage). ,Ventilation 

1 systems in areas 
containing toxic 
gas, inert gas, or 

ventilation 
ducting 

I 

I 'firing chamber 

Ventilation 
systems in areas 
containing toxic 
gas, inert gas, or '  
firing chamber , 

ventilation 
ducting 

I 

I 

I 

! 

4 

I 

i 

! 

I 

! 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup Page 30 of 34 



Project: Site 300 SAR 
Location: Firing Table, CFF Firing Chamber, CFF Gray Area 
Condition: Shot setup I 

Scenario Hazard Deviation Possible Causes Methods of Preventative Possible Mitigative Comments ; SAR 
NO. detecting event I Features Consequences Features 

I 

Hazard 
!Scenario 

I 1 8  HE accumulation Mechanical Procedure ;Observed by ,Redundant filters I Personnel injury Facility 
in systems impact or violation, Personnel or traps in or illness Emergency 

friction Equipment vacuum lines I ' Response 
sufficient to 'failure 
detonate or 
react HE when 
personnel 
present 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

'that provide a ' 

path between 
bare HE and 
evacuated 
volumes 
Washdown 
system designed 
to safely pump 
fluids containing 
I€ 

Wash down 
collected and 
disposed of 
separately if 
unreacted I 

material is 
detected 
Sampling of 
washdown 
svstem filters 

Procedures 

IR 

I 
I 
I 

! 
I 
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Project Site 300 SAR I 
! Location: 

Condition. Shot setup I 

Firing Table, CFF Firing Chamber, CFF Gray Area 
I 

cenario Hazard Deviation Possible Causes Methods of Preventative Possible Mitigative Comments SAR 
0. 'detecting event Features 'Consequences Features Hazard 

I Scenario 

, 

Washdown I I 

system fitters 
disposed of as 
HE if HE I 

'concentration I 
I exceeds pre- 

'determined limit 

Periodic 
inspection of I 

potential HE I 

collection points 
in ventilation, 
vacuum, and , 
washdown 
systems. I 

I 

1 

I 

I 

I I I I 

I I 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup Page 32 of 34 



Project. Site 300 SAR 
Location. 
Condition Shot setup , 

Firing Table, CFF Firing Chamber, CFF Gray Area 

Scenario Hazard Deviation Possible Causes Methods of 
No detecting event Features ~ Consequences ' Features 

I 

Preventative ,Possible Mitigative Comments 'SAR 
I 
I j Hazard ' Scenario 

I 

I 

19  Liquid abrasive Mechanical Equipment Observed by 1Control of safety, HE detonation Facility 'Si 
cutters impact or failure, Wiring Personnel / grounding I (personnel death, Emergency I I 

I Response friction error, panel key 'or injury) I 

sufficient to Inadequate Procedures, 
Operational detonate or muster 
access controls react HE when 

person n e I limit number of 
exposed present 
personnel, 
Confinement 

, 

Training and 
qualification of 
explosives 
handlers 
Use of approved I 
work procedures 

Limited 
exposure time 
Visual 
observation of ' 

firina area 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup 

system (CFF 
Only), Q-D siting 
/ Maximum 

I explosives 
Iweight, Sites 
'Remote location 
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Project Site 300 SAR 
Location. 
Condition Shot setup I 

:enario Hazard Deviation Possible Causes 'Methods of Preventative Possible Mitigative Comments 'SAR 
0 !detecting event 'Features Consequences Features  hazard 

Firing Table, CFF Firing Chamber, CFF Gray Area 

Scenario 
I 

! 

Muster before I 

firino I 

I 

I 

2 0 Highly toxic Inert or toxic Container struck Observed by Container design j Personnel injury Sites Remote Not :U 
materials gas leak or dropped, Personnel, 
contained in Corrosion of Monitoring 
experiments container equipment when 

materials, odor threshold is 
Container below exposure 
opened to limits 
atmosphere due 
to human error 

,Compatibility 
review of 
container 
 materials 
Leak testing of 
container prior 
to fillinq 
Onsite 
lransporlation 
procedures for 
highly toxic 

,or death :location, 
(poisoning, ' Operational 

'suffocation, lung access controls 
damage)., limit number of 

' Personnel injury exposed 
(eye damage personnel, 
and physical Facility 
burns). Emergency 

Response 
Procedures 

I 

iapplicable to 1 
! C R  ! 

I 

I I 
I 

materials I 

Firing Table, CFF Firing Chamber, CFF Gray Area - Shot Setup Page 34 of 34 



i 

I 

I 
I 

I I P roject : 
Location. Firing Table, CFF Firing Chamber I 

Condition: Post shot I 

cenario Hazard Deviation 1 Possible Causes Methods of Preventative 1 Possible l Mitigative 'Comments 1 SAR 
0. 'Detecting Event Features 1 Consequences I Features  hazard 

Site 300 SAR 
I I 

I 1 Scenario 
j f I 

by products, not adequately system airflow Monitoring monitoring lor death 'access controls ~ I 

diffident Personnel, ' damage). I personnel, I 

' Facility I 

I 

1 Toxic explosion Firing chamber IS Vent and purge Atmosphere Atmosphere ,Personnel injury Operational jN 
I 

Explosion purged before 'less than design ,System, I (poisoning, limit number of , 
I 

creates oxygen personnel entry Observed by \suffocation, lung /exposed I 

I 
atmosphere(CFF Chamber 

pressure 
'monitoring, Hand 
held atmosphere I ' Procedures, 
monitoring ' Portable gas 

I Emergency I 

I 
I 

I Response 
Only) 

'monitoring used 1 
I 

I 'on entrv 
' Firing chamber 
pressure 
monitorina 
Firing chamber 
purge and 
ventilation 
Confined space 
,entry 

I I 

! 
I j 
I 

orocedures , 
Use of I 

' appropriate 
' personnel 
protective 
eaubment I 

,Use of approved ' 

I 

1 

I 
! 

I 'work procedures I I 

Firing Table, CFF Firing Chamber - Post Shot Page 1 of 4 



I 

Project Site 300 SAR , I 

Condition: Post shot I 
Location. Firing Table, CFF Firing Chamber ~ I 

:enario Hazard Deviation Possible Causes Methods of ' Preventative ' Possible I Mitigative Comments \ SAR 
0. Detecting Event Features !Consequences Features I Hazard 

1 Scenario 

2 Unreacted HE HE, sensitized by Failure to lobserved by I Post-shot 
after test test detonates ,recognize Personnel, Heat 'assessment of 

as a result of ,explosive hazard 'detectors (CFF firing chamber 
normal handling ,posed by test only) using CCTV or 

residue, * robot-mounted 
Inadequate TV 
cleanup 
procedure 

1 HE detonation ! Facility 
!(personnel death j Emergency 
or injury) j Response 

~ Procedures, 

'access controls 
:limit number of 
;exposed 
personnel, 
,Debris shield on 
:burner vehicles 
!(not CFF), Sites 
,Remote location, 
~ Confinement 
:system (CFF 
j Only) 

I 

I I Operational 

Recovery of 
unexpended 
explosives under 
control of OSP 
or explosives 
expert 

Detonation in 
$place of 
unexpended 

' explosives 
considered 

' unsafe to handle 4 

I 

Firing Table, CFF Firing Chamber - Post Shot Page 2 of 4 



, i I 

Post shot I I 

Project: Site 300 SAR 
Location: 
Condition: 

i i Firing Table, CFF Firing Chamber 

Scenario Hazard Deviation Possible Causes Methods of Preventative !Possible Mitigative 'Comments ISAR 
No. ' Delecting Even1 ' Features :Consequences : Features 1 Hazard I Scenario ! 

: ! 
qualification of 1 

handlers 
Time delay 
before entering . 
area with 
unreacted HE ! 
Explosives 
qualified vacuum 
cleaner 
Burn-off of ! 
residual HE that 

, is  not amenable I 
to hand 
collection (not ' 

: CFF) 
,Use of static i 
'free clothing and: 
baqs 
'Use of soft soled, 
.shoes 
Washdown of 
residue (CFF 

explosives I 

! 

I 

I 
I 
! 

I 
! 
t 

i 

! 
I 
! 

! 
! 
I 

! 

I 

i 
I 
i 

I 

onlv) I 

Firing Table, CFF Firing Chamber - Post Shot Page 3 of 4 



I 
Project: Site 300 SAR 

Condition: Post shot 
Location: Firing Table, CFF Firing Chamber I 

cenario Hazard Deviation 'Possible Causes Methods of Preventative Possible Mitigative Comments j SAR 
0. Delecling Event Features I Consequences ' Features 1 Hazard , j Scenario 

! 

firing table or (N/A CFF) explosives on. ' Personnel 'around bunker !or death 'and 1 to CFF ! i 

:facilities beyond ' Evacuation i 

I 

3 Fire in or around Brushlgrass fire ,Detonation of .Observed by .Clear zone ; Personnel injury ! Fire hydrants Not applicable 1 M 

CFF service firing table firing table ,(radiation 1 extinguishers, I 

building ignites grass jexposure), :Fire breaks, Fire I 

!Damage to department, i 

,Site 300 

Controlled burns ' 

Restricted shot ; 
'time (not firing i 
on high wind I 

, davs) 
Fire breaks 
Fragment 
analvsis 

1 

i 
I 

i I 
I 

i 
I 

, I 
' Fire department i ! 

Firing Table, CFF Firing Chamber - Post Shot 
8 
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Project: Site 300 SAR 
Location: 
Condition: Post shot 

Vent duct areas, CFF Gray Area 

:enario Hazard Deviation ' Possible Causes :Methods of , Preventative I Possible 'Migitative Comments j SAR 
3. 'Detecting Event 'Features [Consequences ,Features 

I I 

1 
I 

I I 

1 Hazard !Scenario 
I I I I 

I N  
i 

Facility areas in Firing chamber ~ Hand-held :Structural design i Personnel injury j Facility 
which firing ~ not isolated atmosphere of isolation lor death 
chamber purge 'during shot, ~ monitoring, :valves and [(poisoning, I Response 

1 Emergency 
1 Toxic explosion 

by products, 
Ex p I o s i o n 
creates oxygen 
diffidenl 
atmosphere 

and vent ducts I Leakage past Observed by 'penetrations 'suffocation, lung j Procedures, 
are routed 'firing chamber Personnel 
contain toxic or doors 
oxygen diffident 
atmosphere 

;Firing chamber 
vent ducts not 
routed through 

lareas inhabited 
jdurina shot 
Isolation valve 
position 
'indication 
Firing chamber 
'pressure 
I monitorina 

damage). ' Portable gas 
monitoring used , 
Ion entry, 
'Ventilation 
'systems in areas 
lcontaining toxic , 
'gas, inert gas. or 
firing chamber , 
'ventilation 
ducting, 

l Operational 
'access controls ' 
/limit number of 
I exposed 
personnel 

I 

CFF Vent Duct Areas, CFF Gray Area - Post Shot 

i 

I 
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Project. Site 300 SAR 
Location. 
Condition Post shot 

Vent duct areas, CFF Gray Area 

cenario Hazard Deviation Possible Causes Methods of Preventative Possible ,Migitative ,Comments 1 SAR 
0 Detecting Event 'Features Consequences ,Features j Hazard 

1 Scenario 

, I 
Control over 
'quantity of 
explosives in I 
tests 
Muster before 
,firina 
Structural design 
of bunkers and I 

CFF firing 

,Use of approved I 

work procedures 

I 

I 
I 

I 

I 
I chamber I 

I 

I 

1 '  
I 
I 

I 

CFF Vent Duct Areas, CFF Gray Area - Post Shot Page 2 of 2 

j 
i . 



I Project Site 300 SAR 
Location CFF Diagnostic Equipment Room 
Condition Post shot 

Scenario Hazard Deviation Possible Causes Methods of Preventative I Possiblo Migitative Comments ; SAR 
N O  'Detecting Even1 Features Consequences ,Features I Hazard 

I 1 Scenario 
I I 

1 Toxic explosion Wall penetrations Equipment failure ,Atmosphere ,Penetration 
by products, fail to provide Monitoring design 
Explosion creates adequate seal System, 
oxygen diffident Observed by 
atmosphere Personnel 

I 

I 

Periodic 
inspection of 

, pen e I r al i o ns 

Double barrier 
between firing 
:chamber and 

I Personnel injury Facility ;Would require IN 
ior death 1 Emergency 
!(poisoning, Response 
i suffocation, lung j Procedures, 
:damage). ;Portable gas 

!massive failures j 
;of two sets of 
,penetrations 

:monitoring used ; 
ion entry, 
'Ventilation 
[systems in areas j 
!containing toxic ! 
I I :gas, inert gas, or 
!firing chamber i 
:ventilation 
'ducting, I 

!access controls 
ilimit number of I 

;exposed 
j personnel 

i 

(Operational ! 

I 
, 
; 

I 

I 
I 
I 

! i 
1 
j 
I 

, 
I 
1 

I 

I 

! 
! 
i 

I 
i 
~ 

O c c u D l e d a r e a S .  I 

CFF Diagnostic Equipment Room - Post Shot Page 1 of 3 



I 

I 
I 
I 

I 

I 
i 
I 

~ 

I 

Project: Site 300 SAR 
Location: CFF Diagnostic Equipment Room 
Condition: Post shot 

cenario Hazard Deviation Possible Causes ,Methods of Preventative Possible Migitative Comments I SAR 
0. Detecting Event Features Consequences Features Hazard 

I Scenario i I 

I I 
I 

I of bunkers and 1 Emergency I 
2 Blast effects and Personnel Failure to Observed by Structural design Personnel injury I Facility T 

shrapnel from exposed to blast properly secure Personnel 
shot effects or 'penetrations or CFF firing Response I I 

I 

shrapnel as a 'doors, Structural I chamber I Procedures, I 

result of planned failure of bunker , 
firing or CFF firing access controls 

Operational 

chamber, Failure 
of CFF door 
closing and , 
pinning 
mechanisms, 
Error in size of 
explosive, Error 
in locating 
explosives 

Double structural 
'barriers between 
CFF firing 
chamber and 
diagnostic area 

Layout of CFF , 
,support area , 
,shields occupied , 
lareas from blast 
:effects in the I 

event of door I 

ifailure I 

limit number of I 

exposed I 
,personnel, Q-D I 

explosives weight, I 

I , .  
siting / Maximum I ~ 

I 

! 

i 

, 

I 

I 

Page 2 of 3 CFF Diagnostic Equipment Room - Post Shot 



Project. Site 300 SAR 
Location. CFF Diagnostic Equipment Room 
Condition Post shot 

Scenario Hazard Deviation Possible Causes Methods of Preventative Possible Migitative Comments I SAR 
N O .  Detecting Event Features Consequences I Features 1 Hazard 

I ' Scenario 
I 

I 

I 

I 
CFF firing 
chamber 
equipment door 
and door pin 
indication 
Training and 
qualification of 
explosives 
handlers 
,Use of approved 
work procedures 

Control over 
quantity of 
explosives in I 

tests 
,Localized 
shieldina 
Experiment 
desian review ' 
Pre-designated 
test positions 
Accidental 

' dolonalion 
I 

CFF Diagnostic Equipment Room - Post Shot Page 3 of 3 



Project Site 300 SAR 
Location. 
Condition: Continuous 

CFF Diagnostics Room Penetration Area, Camera Room 

Scenario Hazard Deviation Possible Causes Methods of Preventative Possible Migitative Comments 1 SAR 
No. Detecting Event Features Consequences Features I Hazard 

,Scenario 

I 
I 
I 

1 Inert or toxic gas Inert or toxic gas :Equipment failure Atmosphere 
systems leak into ' Monitoring 

confined space i System, 
Observed by 

' Personnel 

I 

CFF Diagnostics Room Penetration Area, Camera Rooms - Continuous 

Design of gas Personnel injury , Facility IP 
,systems to 'or I death Emergency I 
'contain toxic or '(poisoning, Response 1 

1 

'inert gas 'suffocation, lung 1 Procedures, I 

damage). ' Ventilation I 

systems in areas 
'containing toxic 
,gas, inert gas, or I 

,firing chamber I /  

'ventilation I 

1 
I 

I 

I 

Ventilation 
systems in areas ~ 

containing toxic I 

gas, inert gas, or j 
firing chamber I 

ventilation 
'ducting 

us0 of 
appropriate 
personnel 
'protective 
: eauicment 
Confined space I 
entry procedures 

I 

I ducting 

! 

~ ! 

i 
I 

I 
I 
j 

. I  

I 

i 
I I 

Page 1 of 2 



Project: Site 300 SAR 
Location: 
Condition: Continuous 

CFF Diagnostics Room Penetration Area, Camera Room 

Scenario Hazard 
No. 

Deviation Possible Causes : Methods of , Provenlalive I Possible ~ Migilalive 
i Detecting Event ~ Features ;Consequences ~ Features 

I 

, ,  

I 
I 

Comments j SAR 
I Hazard 
~ Scenario 
I 

~~ 

I 

I Atmosphere 
' monitorina 

CFF Diagnostics Room Penetration Area, Camera Rooms - Continuous Page 2 of 2 



Project. Site 300 SAR I 
I 
~ 

Location. 
Condition. Shot I 

Bunker / CFF control room 

Scenario Hazard Deviation Possible Causes Methods of Preventative Possible Migitative Comments I SAR 
No. detecting event Features Consequences ' Features !Hazard ' I Scenario 

! ! 

I I I 

1 X-ray machines Personnel Shot Observed by Shielding I Personnel injury Operational IK 
i 

accelerators exposure I Radiation (radiation limit number of I 
8, linear radiation Personnel, lor death access controls 

~ 

I 
exceeds ' monitors, exposure) exposed 
allowable Dosimetry ;personnel, I 
occupational Facility ~ 

I 

dose Emergency I 

Response 

I Radiation 
' monitors 

I I Procedures, I i 

I 

Radiation 
monitors ~ I 

Use of approved 
work procedures ' 

Training and 

I I 
I I 

1 I 

I 
1 

I 
I 

qualification of ' ~ 

Dersonnel I I 

Bunker, CFF Control Room - Shot Page 1 of 3 



Project: Site 300 SAR , 

Location: Bunker / CFF control room 
Condition: Shot 

cenario Hazard Deviation I Possible Causes Methods of Preventative , Possible Migitative Comments SAR 
0. ,detecting event I Features ,Consequences Features ' Hazard 1 Scenario , 

I 

2 Blast effects and Personnel Failure to Observed by Structural design Personnel injury 
shrapnel from exposed to blast 'properly secure Personnel of bunkers and 
shot effects or penetrations or CFF firing 

shrapnel as a ,doors, Structural chamber 
result of planned failure of bunker 
firing or CFF firing 

chamber, Failure 
of CFF door 
closing and 
pinning 
mechanisms, 
Error in size of 

I explosive, Error 
in locating 
explosives 

Bunker, CFF Control Room - Shot 

Separation I 

distance 
betweenCFF ~ 

firing chamber ! 
and control 
room 
Training and ' 
,qualification of 
explosives 
,handlers 

, 

Facility 
Emergency 
Response 
Procedures, 
Operational 
access controls 
limit number of 
,exposed 
personnel, Q-D 

'siting I 
Maximum 
explosives 
weight 

I 

I 

I ! 

! 

i 

I 1 

Page 2 of 3 



~ 

I 

I 

I 
1 

I 

I 
I 
I 
I 

I 
I 

I 
j 
I 
I 

, I 
I I 

Project: Site 300 SAR 
Location: 
Condition: Shot I I I I 

Bunker / CFF control room 

Scenario Hazard Deviation 1 Possible Causes ,Methods of , Preventative I Possible 'Migitative , Comments SAR 
No. !Hazard 

1 Scenario 

I :detecting event I Features I Consequences j Features 

i 

,Use of approved I 

work procedures, i 
I 

I 

Control over , I 

/quantity of I I 

1 explosives in I I 

, tests 
Localized 

I shieldina 
' Experiment I 

desian review 

i 
Pre-designated 
test positions ' 
Accidental I 

I I I detonation 
I hazard zone I I 

I I 
! I 

1 
I 

I 

I 

Bunker, CFF Control Room - Shot Page 3 of 3 



Project: Site 300 SAR , 

Location: Camera Room i 
I i Condition: Post shot i 

cenario Hazard Deviation Possible Causes ' Melhods of , Prevenlative ;Possible i Migilative  comments j SAR 
0. 

1 Toxic explosion Personnel 
by products, exposed to toxic 
Explosion gas in area due 
creates oxygen to camera or 
diffident cable 
atmosphere penetrations 

failure. 

'Detecting Event Features 'Consequences I Features 
! 

! 
1 

f 

Failure of or Atmosphere 
leakage past I Monitoring 
penetrations System, 

Observed by 
Personnel, 
,Chamber 
' pressure 
monitoring 

i Penetration 
design 

Muster before 
firinq 
Periodic 

I 

inspection of 
penetrations 

Atmosphere 
monitorinq 
Venling of 

I Personnel injury 1 Facility 
'or death 1 Emergency 4 

i (poisoning, I Response 
i suffocation, lung 1 Procedures, 
damage). Ventilation 

I 

systems in areas 
:containing toxic 1 

camera room on 1 
I 

ioverwessure : 
I iDouble lenses in 1 
\camera I 
Ipenetrations I 

;gas, inert gas, or j 
firing chamber ; 

j ventilation 
j ducting, Camera 
i exhaust systems ~ 

! 

I ! 

! 
' ,  I 

I Hazard 
\Scenario 

IN 

i 
j 
I 

~ 

! 

Camera Room - Post Shot 
Page 1 of 4 



i 
i 

I 

I 
I 

I 
I 
I 

I 

I 

Project Site 300 SAR I 

Location. Camera Room 
Condition. Post shot 

Scenario Hazard Deviation Possible Caiisos Methods of Provontalivo Possiblo ~ Migitalivo Commonts 1 SAR 
No Delecling Event Fealures j Consequences Features 1 Hazard 1 Scenario 

I 

, I I I 
1 

I 

I 
I 1 Double barrier 

~ 

I 'between firing ' 

'chamber and I I 

occupied areas. 
' Confined space 
l entry procedures I 

I 
I 

I 
I 

I I I I 

Personnel injury Facility ! Q  
\or illness Emergency i 

I 

2 Beryllium Beryllium ' Equipment Observed by Camera rotors 
scattered or failure Personnel, designed for 
vaporized by 'Monitoring ' operational 
camera failure equipment when stresses 

I 

odor threshold is 
below exposure 

' IimitsAudio 
monitoring 
(6851 only) 

Beryllium 
,contained by 
camera case 
Muster before 

I I Response I 
' Procedures, i 
,Ventilation 
systems in areas 
containing toxic 
:gas, inert gas, or 
:firing chamber 
'ventilation 
ducting, Camera 
:exhaust systems, 
I 

'firina I I 

Camera Room - Post Shot 
Page 2 of 4 



Project Site 300 SAR 1 

Location: CameraRoom , I I 
Condition. Post shot I 

:enario Hazard Deviation Possible Causes Methods of Preventative Possible Migitative Comments I SAR 
1. 'Detecting Event 'Features ~ Consequences ' Features 'Hazard 

I Scenario 
I 

I 

3 Blast effects and Personnel Error in locating Observed by Run I safe boxes i Personnel injury ,Facility 10 
;or illness :Emergency exposed to blast ,explosives, Error , Personnel 

shrapnel as a explosive, Failure, I Procedures, 
result of planned to properly 
firing 

shrapnel from 
shot effects or :in size of ' Response 

I 

I 
I 

I I 
1 Facility shape 

I 
1 secure ;shields camera ' 
doors, from fragments 
Inadequate and reduces I I 

penetrations or ;penetrations I 

muster !overpressure, 
I 

I Inhabited areas 

Camera Room - Post Shot 

protected from 
;camera room by 
'walls and, in CFF, 

! 

Interlocks 
Control of safety 

' I  grounding 
panel key 

Double lenses in 
camera 
penetrations , 

'Camera room 
' venting, 
' confinement, 
and design for 
overpressure 
(CFF only) 

I 

I 

I ! 
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1 
Location: Camera Room I 
Condition. Post shot I I i 

Project. Site 300 SAR 
, 1 

Scenario Hazard Deviation Possible Causes Methods of Preventative ~ Possible 1 Migitative ,Comments ' SAR 
No. Detecting Event 'Features ,Consequences Features 

I 

Structural design, 
of isolation 

I valves and 
penetrations I 

I , 
Training and , I 
qualification of I I 

explosives 
handlers 
Paging i 
announcements I 

before firinp 
Muster before 
firina 1 

Control over 
quantity of I 

explosives in , 
tests 
Experiment 
desiqn review 

I 

I 

! ! 

Pre-designated I 

I Hazard I Scenario 

Camera Room - Post Shot 
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Fig B.l - SAR Scenario A -- Unplanned detonation on bunker firing table, in CFF firing chamber, or in CFF gray area with personnel present: 
Test charges are struck or dropped, causing detonation. 

HE TEST CHARGES 
ARE STRUCK OR 

DROPPED 

I End State PADDING TO 

DETONATION Probability 
OBJECT STRUCK IMPACT ENERGY PREVENT No. Annual Description 

IMPACT NOT SUFFICIENT 

PADDING PREVENTS 
DETONATION 

IMPACT SUFFICIENT TO 

I PADDING INSUFFICIENT I FLOOR, PADDING 
TO PREVENT 1 I Extremely INSUFFICIENT, RESULTING 

2 NO DETONATION 

HE CHARGE DROPS ONTO 

I D F T O N U l  
ow 

IMPACT NOT SUFFlClENT 
TO CAUSE DETONATION 

HITS OTHER THAN 
FLOOR; TEST STAND HIT 
PY vFH'c' 1 

low IMPACT SUFFlClENT TO 
CAUSED ET0 TI N 9 0 ~ low 

3 Unlikely IN DETONATION 

4 NO DETONATlON 

HE CHARGE STRIKES 
OBJECT WITH SUFFICIENT 

Extremely ENERGY TO CAUSE 
5 Unlikely DETONATlON 



Fig 8.2 - SAR Scenario B. Unplanned detonation caused by Fire on bunker firing table, in CFF firing chamber, or in CFF gray area 
with personnel present. 

FIRE NEAR TABLE 
EXTINGUISHMENT SUFFICIENT HEAT EVACUATION End State 

HE INVOLVEMENT DETONATION DETONATION No. Probability Description 
BEFORE TO CAUSE BERFORE Annual 

INSUFFICIENT HEAT TO 
DETONATE HE 

NEL EVACUATE 

EXTINGUISHED BEFORE 
HE INVOLVEMENT 

NO DETONATION 

1 NO DETONATION 

DETONATION; 
PERSONNEL UNDER 
COVER 

FIRE NEAR TABLE CAUSES 

~ 

HE DETONATION. 
PERSONNEL DO NOT 
EVACUATE, RESULTING IN 

I INJURlESlDEATH 



Fig 8.3 - SAR Scenario C1. Unplanned detonation on bunker firing table, in CFF firing chamber, or in CFF gray area with personnel present: 
Electrical input from unplanned source. Detonator sensitive to ESD. 

HE PRESENT WITH 
DETONATORS SENSITIVE 

TO ESD HAZARD 

End State 
Annual ESD SUFFICIENT TO '- 

SHORTED No. Probability Description 
OR FIRE DETONATORS ESD GENERATED 

ESD not nenerated 

He present with 
Detonators sensitive 
To FSD ha7ard 

huh 
Detonators grounded or shorted 

ESD Generated 
medium ESD not sufficient to fire 

detonators 

Detonators not grounded 
or shorted 

low 
ESD sufficient to fire 
detonators 

medium 

1 NO DETONATION 

2 NO DETONATION 

3 NO DETONATION 

DETONATION Extremely 
4 Unlikely INJURIES/ DEATHS - 



DET CABLES 
ROUTED HOT SHORT ON EVACUATION 

DETONATION 
TOGETHER ENERGIZED BEFORE FIRE IN VICINITY FIRE 

OF DET CABLES EXTINGUISHED W,TH CABLE 
CABLES 

. . . . .  

Personnel evacuation 

End State 
Annual 

Probability 
No. Description 

NO DETONATION 

NO DETONATION 

NO DETONATION 

DETONATION - PERSONNE 
UNDER COVER 

DETONATION - MULTIPLE 
INJURIES OR DEATH 

L. . . .. ... - 



Fig 8.5 - SAR Scenario C3. Unplanned detonation on bunker firing table, in CFF firing chamber, or in CFF gray area with personnel present: 
Electrical input from unplanned source. Lightning imparts sufficient energy to fire detonators or to directly initiate HE. 

LIGHTNING 
FIELD WARN I NG PERSONNEL 

EVACUATE IN 
CABLES TO 

LIGHTNING 

HE GROUNDED OR DETONATE ALERTS TIME OPERATIONS 
SUFFICIENT TO SYSTEM 

SHORTED PERSONNEL 

1 End State 
No. Annual Description 

Probability 

Lightning 
During 
He 

q g h  

Field Insufficient to Detonate 1 No Iniuried Deaths 

Cables Detonation - Personnel Evacuation to 
Detonators Lightning In Time 2 low Under Cover 

Warning System high 
Field Alerts 
Sufficient Personnel 

To high Evacuation extremely Detonation 

Fails to Alert extremely Detonation 

low Lightning In Time 3 u nlikelv Iniuried Deaths 

4 unlikely Injuries/ Deaths 

Warning System low 

ow 

Cables to 
Detonators 
Not 
Grounded 

low 

/I I I I Field Insufficient to Detonate /I 5 I I No Injuries/ Deaths 

Field 

Detonation - Personnel Evacuation 
Lightning In Time Under Cover 
Warning System 
Alerts I 

II I I I 
II I I I low 



Fig B.6 - SAR Scenario D. Unplanned detonation on bunker firing table, or in CFF firing table chamber with personnel present: Chemical reaction 
with assembly materials either detonates or sensitizes such that normal operation detonates HE. 

DOCUMENTED 
CHEMICAL SHOT USES CHEMICAL CHEMICAL 

HE IN CFF To NEW CoMPATIBILITY INCOMPATlBiLln' 

I 

DESIGN REVIEW End State 
DETECTS Annual 

Description lNCOMpATlBlLlTY No. I Probabilit I 
HE not exposed to chemicals 

Shot does not use new chemical 
NORMAL SHOT 

NORMAL SHOT 
1 NO INJURIES OR DEATH 

NORMAL SHOT 
2 NO INJURIES OR DEATH 

Chemical compatible 

Chemical is 
incomDatible. HE 

NORMAL SHOT 
3 NO INJURIES OR DEATH 

medium 

Design Review 
detects 
incomDatibitii 

Chemical 
incompatiblity 

Design Review HE SENSITIZED 
does not detect extremely PREMATURELY DETONATE 
incompatibilip 5 unlikely IN J URI ES/DEATHS 

low 

NORMAL SHOT 
4 NO INJURIES OR DEATH 

Design Review 
detects NORMAL SHOT 

Incompatibility incompatibility 6 NO INJURIES OR DEATH 

documented or 
Poorly 

unlikely I INJURlESlDEATHS 

( 1 1  medium 



OPERATIONS 

M33-l AN lCAL 
INSULT REDUNDANT HE SENSITIVITY TO INVOLVING HE 

HEATING OR USE POWER CONTROL TEMPERATURE 
POWERERED MONITORING 

OVER- 
TEMPERATURE OF HIGH CIRCUIT STATUS 

LASER 

End State 

No. Probability Annual Description 

NVOLVING HE 
iEATING OR USE 
I F  HIGH 
'OWERERED 
ASER HE remains unsensitized 

high 

Power Control for No Insult 
REDUNDANT 
TEMPERATURE 
MONITORING FAILS Insult sufficient to 

low cause detonat ion 

Fig 8.7 - SAR Scenario E. Unplanned detonation on bunker firing table, in CFF firing chamber, or in CFF gray area with personnel present: 
Preconditioning heater or laser detonates or sensitizes such that normal operation detonates HE. 

3 NO DETONATION 

4 NO DETONATION 

DETONATION 
5 incredible INJURIES/ DEATHS 

HE remains unsensitized 

I 

I suffic , DETONATION 
ient heatina p cause detonation 6 incredible INJURIES/ DEATHS 

ow 

7 NO DETONATION 

extremely 
Sufficient heating to cause detonation 10 unlikely 

low 

No Insult 11 8 I I NO DETONATION I I II I I I 
DETONATION 
INJURIES/ DEATHS 



Fig 8.8 - SAR Scenario GI. Detonation on bunker firing table, in CFF firing table chamber with personnel present: Electrical or laser light input 
from plannned source - Authorized personnel fail to muster before shot. 

INTERCOM ALERTS RUN SAFE 
DETECTED DURING PERSONNEL ACTUATED 

PERSONNEL CONTROLLED 
FIRE UNDER LOCAL MUSTER 

Personnel Under Cover 

Firing Procedure Personnel Detected During Local Muster 

high Run Safe Actuated Personnel Not Under 
Cover Intercom Alerts 

Personnel low 
Run Safe NOT Personnel Not huh 

Detected During Local 

End State 
Annual 

No. Probability Description 

NO INJURlESlDEATHS 

NO INJURIESlDEATHS 

NO INJURIESlDEATHS 

Extremely DETONATION 
INJURIESlDEATHS Unlikely 

I I1 I I 

Intercom Does Not 
Alert P-l 

low 

DETONATION 
Incredible IN J U RlESlDEATHS 



Fig 9.9 - SAR Scenario G2. Detonation on bunker firing table, in CFF firing table chamber with personnel present: Electrical or laser light input 
from plannned source - Detonators inadvertently fired before muster. 

WHEN CABLES 
ARE 

CONNECTED 

End State I OPERATOR I CDUCHARGED 1 VOLTAGE AT 
CDU OUTPUT DETECTS a.mn r i m r n  I I “U T l K t U  

Annual 
Descri tion 

VOLTAGE BEFORE 
MUSTER AT CDU 

OUTPUT 

Cables to detonators Grounded. Safe Condition 1 NO INJURlESlDEATHS 

I Detonators 
Connected to Firing 

Cables to 
Detonators Connected 
To CDU Before 

1 DETONATION I I CDU Charged 
And Fired 

Voltaae Not Present 



Fig B.10 - SAR Scenario G.2A Detonation on bunker firing table, in CFF firing chamber with personnel present: Electrical or laser light input from 
planned source -- unauthorized personnel in mustering area 

SYSTEM MUSTERING SWEEP 
DETECTS 

UNAUTHORIZED 
PERSONS IN AREA 

UNAUTHORIZED DETECTS 

MUSTERING AREA PERSONS IN 
NORMAL FIRE PERSONS IN UNAUTHORIZED 

MUSTERING AREA 

No. 
. 

NO UNAUTHORIZED PERSONS IN MUSTERING AREA 

TRACKING SYSTEM 
DETECTS UNAUTHORIZED PERSONS IN MUSTERING 

UNAUTHORIZED 
I PERSONS IN MUSTERING 
1 AREA 

medium 
MUSTERING SWEEP 
FAILS TO DETECT 
UNAUTHORIZED 

P F W S  IN ARFA 
low 

UNAUTHORIZED 
PERSONS IN MUSTERING 

4 

AREA 

MUSTERING SWEEP 
DETECTS 

UNAUTHORIZED 
TRACKING SYSTEM FAILS 
TO DETECT I 

PERSONS IN AREA 

extremely 
unlikely 

State 
Description 

NO INJURIES/ DEATHS 

NO INJURIES/ DEATHS 

NO INJURIES/ DEATHS 

INJURIES/ DEATHS 



Fig B.11- SAR Scenario H. Unplanned detonation on bunker firing table, or in CFF firing chamber with personnel present: 
Detonation of unreacted HE after shot. 

RECOVERY 
SUCCESSFUL 3 NO INJURIES/ DEATHS 

REMOTE MONITORING I II I 1 
TIME DELAY 

SUCCESSFUL 
high RECOVERY ~~ 

UNSUCCESS- Extremely DETONATION 
FUL 4 Unlikely INJURIES/ DEATHS 

low 
RECOVERY 
SUCCESSFUL 5 NO INJURIES/ DEATHS 

WORKER 
INSPECTION I II I I 

REMOTE 
MONITORING 
UNSUCCESS- 

RECOVERY 
UNSUCCESS- DETONATION 
FUL 6 Incredible INJURIES/ DEATHS 

low 

RECOVERY 
WORKER SUCCESSFUL 7 NO INJURIES/ DEATHS 

INSPECTION 
UNSUCCESS- 

I FUL low RECOVERY 
UNSUCCESS- DETONATION 



Fig B.12 - SAR Scenario N. Personnel exposed to toxic material above exposure limits or oxygen deficient atmosphere in facility after test (CFF 

TIMELY 

AND 
EVACUATION 

GAS CONTAIN- VISUALLY GAS VISUAL 
MENT DETECT GAS MONITOR INSPECTION 

SYSTEMS LEAK READINGS UPON ENTRY 

mly). 

>FF SHOT 

1 End State 
No. Annual Description 

Probability 

medium 
PERSONNEL OBSERVE GAS MONITOR READINGS 

SYSTEM 

OBSERVEGAS 
FAIL TO PERFORM VISUAL DETONATION 

NO INJURIES/ DEATHS 

medium I OBSERVEGAS I I 

9 NO INJURIFSI DFATHS 

FAIL TO PERFORM VISUAL DETONATION , 
8 incredible INJURIES/ DEATHS 

FR 
FAIL TO VISUAL INSPECTION MADE 10 
OBSERVEGAS 

low FAIL TO PERFORM VISUAL 
I 1  

PURGING TO A 

NO INJURIES/ DEATHS 

extremely DETONATION 
unlikelv IN-9 DFATHS 

medium 
, 

DETECTION & 

12 NO INJURIES/ DEATHS 
REDUNDANT 
PENETRATIONS 
F A l l  FVACUION 

low PERSONNEL FAIL TO OBSERVE 
PERSONNEL 
FAIL TO EVAC- 
UATF IN TlMF 

medium 

13 NO INJURIES/ DEATHS 

extremely DETONATION 
14 unlikely INJURIES/ DEATHS 



Fig B.13 - SAR Scenario 0. Camera room port breaches, exposing personnel inside of facility to blast effects. 

DETECT REDUNDANT SHOT PERSONNEL PERSONNEL NOT SHOT LENS 
INTEGRITY LENS INTEGRITY UNDER COVER ‘OVER 

End State 
Annual 

No. Probability Description 

Shot lens integrity 

NORMAL SHOT Redundant shot lens integrity 
high 

Personnel under cover 

1 NO INJURIES/ DEATHS 

2 NO INJURIES/ DEATHS 

3 NO INJURIES/ DEATHS 

Redundant shot lens 
integrity failure Detect personnel 

medium under cover 4 

Personnel not under 
cover 

low Failure to detect 
personnel not under extremely 

unlikely 

NO INJURIES/ DEATHS 

INJURIES/ DEATHS 



Fig B.14 - SAR Scenario P. Personnel exposed to toxic gas or oxygen deficient atmosphere in firing chamber, camera room or diagnostic 
equipment penetration room 
(CFF only). 

EVACUATION GIVEN 
VENTlI-ATlON GAS SYSTEM GAS SYSTEM LEAK 

AND GAS 
MONITORING MONITORING 

SYSTEM 
STATUS 

GAS SYSTEM GAS SYSTEM 
PRESSURIZED INTEGRITY 

FAILURE 

End State 
Annual 

No. Proability Description 

Gas system intact 

Gas System 
Pressurized Ventilation system removes hazard 

nign 

Gas svstem leaks Gas svstem monitorina detects leak 
low Ventilation system 

does not remove Personnel detects 
hazard leak and evacuates in 

low time 
Gas Monitoring 
System Fails 
to detect Leak 

low 
Failure to evacuate 
personnel in time 

medium 

1 NO INJURlESlDEATHS 

2 NO INJURlESlDEATHS 

3 NO INJURlESlDEATHS 

4 NO INJURlESlDEATHS 

ASPHYXIATION 
OR TOXICOSIS 

5 Incredible INJURlESlDEATHS 



Fig B.15 - SAR Scenario Q. Personnel exposed to beryllium shrapnel or contamination in camera room. 

CAMERA CASE DETECT 
CONTAINS PERSONNEL NOT 

ROTOR UNDER 'OVER UNDER COVER 
CAMERA ROTOR 

OPERATION INTEGRITY 

Rotor does not fail 

camera operation Camera case contains rotor 
n'gn 

Rotor failure Personnel under cover 
low 

Camera case fails to 
contain rotor Detect personnel not 

meclium under cover 

Personnel not under 
cover 

medium Failure to detect 
personnel not under 
cover 

low 

End State 
Annual 

NO. Probability Description 

NO INJURlESlDEATHS 1 

NO INJURlESlDEATHS 2 

NO INJURlESlDEATHS 3 

4 NO INJURIESDEATHS 

extremely 
5 unlikely INJURIEWDEATHS 



Fig B.16 - SAFt Scenario T. Personnel under cover during CFF test exposed to blast effects. 

REDUNDANT DETECT 
PERSONNEL NOT STRUCTURAL STRUCTURAL 

UNDER ‘OVER UNDER COVER BARRIER CFF SHOT INTEGRITY OF 
CFF INTEGRITY 

I End State 
Annual 

NO. Probability Description 

Personnel under cover (1 1 I I NO INJURIES/ DEATHS 
II I I I 

Redundant barrier Detect personnel not 
maintains intearitv under cover 2 NO INJURIES/ DEATHS 

high 
Personnel not under 

CFF structural 
low Failure to detect 

personnel not under Extremely 
3 Unlikely INJURIES/ DEATHS 

Failure to detect 



Fig B.17 - SAR Scenario U. Exposure of personnel on firing table, in magazine or other structure to highly toxic material in 
experiment: Container leaks due to design or human error in assembly or filling process 

DIRECTION OF AIR ' 
FLOW LEAK DETECTION CONTAINER 

INTEGRITY 
OPERATIONS W/ 

ASSEMBLY HIGHLY 
TOXIC MATERIAL 

Er 
Annual 

No. Probability 

AIR FLOW MOVES 
MATERIAL AWAY FROM 

LEAK NOT DETECTED BY 

I AIR FLOW MOVES /I I 
MATERIAL TOWARD 

4 
Extremely 
Unlikely 

I State 

DescriDtion 

NO EXPOSURE ABOVE 
LIMITS 

NOEXPOSUREABOVE 
LIMITS 

NOEXPOSUREABOVE 
LIMITS /MINOR EXPOSURE 

SERIOUS ILLNESSlDEATH 
TO WORKERS AND 
COLOCATED WORKERS 
FOR UP TO - 150 METERS 
DOWNWIND 
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